Cardiovascular disease is the leading cause of morbidity and mortality among patients with diabetes, underscoring the importance of choosing anti-diabetic drugs that do not increase cardiovascular risk but might reduce the risk of cardiovascular events. Most type 2 diabetic patients die from cardiovascular causes despite the beneficial effects of blood pressure (BP) and lipid-lowering medications. The prevalence of patients with cardiovascular disease and diabetes mellitus is growing exponentially. Approximately 40% of patients hospitalized with heart failure and reduced ejection fraction have diabetes mellitus. The recent trials conducted in patients with heart failure who had diabetes showed a different response to standard medication, with these patients being more prone to develop side effects than patients with the same degree of heart failure but without diabetes mellitus. Therefore, careful selection of drug therapy paying particular attention to cardiovascular safety is important in optimizing diabetic therapy. This review discusses the efficacy and safety of the most commonly prescribed anti-diabetic drugs in the context of cardiovascular impact.
Introduction
Type 2 diabetes mellitus (T2DM) is a disorder characterized by insulin resistance and a progressive decline in pancreatic b-cell function associated with increasing hyperglycaemia. Defective b-cell function occurs early and can be detected in individuals with impaired fasting and/or post-prandial glucose levels. The UK Prospective Diabetes Study (UKPDS) 1 indicated that by the time T2DM is diagnosed, individuals have already lost up to 50% of their b-cell function. The decline in function proceeds at 6% per year, which is 20 times greater than that explained by normal ageing. Treatment of T2DM is based on an interplay of patient characteristics, severity of hyperglycaemia, and available therapeutic options. Metformin, sulfonylureas (SUs), and thiazolidinediones (TZDs) are the most studied of the oral medications used worldwide. They play a prominent initial role in the T2DM treatment algorithm recommended by the American Diabetes Association (ADA) and the European Diabetes Association for the Study of Diabetes (EASD). 2 Metformin is considered to be the first-line therapy unless not it is tolerated or is contraindicated. Second-line therapy includes SUs, TZDs, dipeptidylpeptidase-4 (DPP-4) inhibitors, and glucagon-like peptide-1 (GLP-1) agonist. Meglitinides also known as the nonsulfonylurea secretagogues and they are recommended as an alternative to SU therapy for patients with irregular meal times or late post-prandial hypoglycaemia with traditional SU therapy. While it is yet to be determined what the cardiovascular effects of anti-diabetic drugs are, the effect of improved glycaemic control on cardiovascular complications is well established, and in spite of a large and growing armamentarium of anti-diabetic drugs, the majority of patients over time fail to achieve recommended treatment goals. Cardiologists should weigh cardiovascular and other risks against the potential benefits when prescribing medications. Therefore, it is important to clearly define the benefit and risk of current anti-diabetic agents.
Metformin
Metformin is recommended as the first-line drug for T2DM by most international guidelines ( Figure 1 ). The preference for metformin over other available drugs is based on its efficacy on blood glucose control, tolerability, and safety. 3 Moreover, metformin has a favourable action on several risk factors, including lipids, body weight, and blood pressure (BP). 4 Experimental studies have also shown that this drug could have beneficial effects on fibrinolysis and platelet aggregation. 5 In comparison to other oral agents, metformin is regarded as the best initial choice, resulting in a decrease in glycated haemoglobin (HbA1c) better than or equipotent to SUs but without a risk of hypoglycaemia. 3 The position statement of the EASD and ADA in 2012 recommends metformin as the foundation treatment for T2DM along with diet and exercise, 2 a stance that is also embraced by the American Association of Clinical Endocrinologists. 6 
Efficacy
Up to the present, the UKPDS is the most extensive study assessing metformin compared with other treatments. It aimed to study the effect of glycaemic control on the prevention of complications, associated morbidity and mortality in non-insulin dependent diabetes. Patients with fasting plasma glucose at entry between 6 and 15 mmol/L, were randomized to sulfonylurea, insulin, metformin [only in overweight patients: body mass index (BMI) 25-29 kg/m 2 ], or diet. At 3 years, metformin achieved the same reduction in fasting plasma glucose and HbA1c as did SUs or insulin, but in addition it reduced fasting plasma insulin and did not induce weight gain ( Table 1) . Metformin was associated with fewer hypoglycaemic Cardiovascular safety episodes when compared with SUs or insulin; although blood glucose-lowering efficacy of all intensive therapies was similar and clinical outcomes were superior in patients randomly assigned to metformin. Specifically, intensive glycaemia management with metformin, but not insulin or a SUs in comparison with the diet-treated group, was associated with significant reductions in the risk of allcause mortality, diabetes-related mortality, and myocardial infarction (MI). A previously published Cochrane analysis also reported that treatment with metformin of overweight diabetic patients associated with decreased risk of cardiovascular mortality compared with any other anti-diabetic agents or a placebo. 7 Therefore, in the current era, establishing a beneficial cardioprotective effect of metformin on top of its glucose-lowering effect is a greater challenge.
Safety Cardiovascular impact
Diabetic patients are at high risk of cardiovascular events, particularly of coronary heart disease by about 3-fold. 8 Despite the efforts at controlling blood glucose and associated risk factors, cardiovascular morbidity and mortality remain higher in diabetic patients than in the rest of the population. 9 The correct treatment of hyperglycaemia is considered one of the tools for preventing cardiovascular disease in diabetic patients. 10 Many classes of drugs have been shown to be effective as glucose-lowering agents, at least in the short and medium term; it has been suggested that some of these molecules, including metformin, could confer a cardiovascular protection beyond the beneficial effect of the improvement of glucose control alone because of the reduction of total and low-density lipoprotein (LDL) cholesterol, triglycerides, body weight, and BP. 11 The UKPDS demonstrated that metformin reduced the risk of fatal macrovascular complications compared with other modalities ( Table 1 ). The study found that the observed benefits included a 42% reduction in diabetes-related fatalities (compared with diet alone, P ¼ 0.017), a 36% reduction in all-cause mortality (P ¼ 0.011), 39% reduction in MI (P ¼ 0.01), and a 32% reduction in any diabetes-related endpoint (P ¼ 0.002). Following UKPDS, other studies have reported significant improvements of all-cause mortality and cardiovascular mortality. A retrospective analysis of patient's databases in Saskatchewan, Canada stated significant reductions for all-cause mortality, and cardiovascular mortality of 40 and 36%, respectively. 12 The PRESTO trial showed significant reductions of any clinical event (28%), MI (69%), and all-cause mortality (61%). 12 The HOME trial reported a decreased risk of developing macrovascular disease. 13 In non-diabetic patients with normal coronary arteriography but also with two consecutive positive (ST depression .1 mm) exercise tolerance tests, an 8-week period on metformin improved maximal ST-segment depression, Duke treadmill score, and chest pain incidence compared with a placebo. 14 A retrospective cohort study has shown that metformin therapy is a safe treatment in diabetic patients with heart failure. 15 In hospitalized patients with heart failure, metformin was associated with lower 1-year mortality and re-hospitalization rate compared with insulin or SUs. 16 Metformin-associated lactic acidosis Metformin is considered a first-line therapy for patients with type 2 diabetes. However, metformin is contraindicated in individuals with severe HF (New York Heart Association, NYHA, classes III -IV), due to concerns of lactic acidosis, 17 a serious condition, with an estimated mortality rate of 50%. 18 The increasing use of radiographic 24 Recommendation on the timing of discontinuing metformin prior to contrast administration vary depending on which guidelines are studied, and range from discontinuation 48 h prior to the procedure, 24 h prior to the procedure, or on the day of the procedure. 22 New data are necessary to determine whether there is a significant problem with lactic acidosis in those patients on metformin who undergo coronary angiography.
Sulfonylureas
Sulfonylurea derivatives are the oldest class of oral anti-diabetic agents and are currently used as second-line or an add-on treatment option for T2DM. These agents act on pancreatic b-cells by binding adenosine triphosphate-dependent potassium channels causing a chain of events that leads to increased insulin secretion ( Table 1) . Sulfonylureas have gone through several steps of development and are categorized as first-generation agents (chlorpropamide, tolazamide, and tolbutamide), second-generation agents (glipizide and glyburide), and third-generation agent (glimepiride). 25 The firstgeneration agents have longer half-lives, increased incidence of hypoglycaemia, and more drug interactions. The second-and thirdgeneration agents have more rapid onsets of action, shorter halflives, and lower incidence of hypoglycaemia. Consequently, the generations differ in their pharmacokinetic, efficacy, and safety profiles.
Efficacy
Sulfonylureas can be expected to reduce fasting plasma glucose by an average of 2-4 mmol/L accompanied by a decrease in HbA1c of 1-2%. 26 In the UKPDS, treatment with SUs (glyburide or chlorpropamide) achieved an HbA1c ,7% in 50% of patients at 3 years. 27 Despite this impressive initial response, only 34% of patients maintained an HbA1c ,7% at 6 years, and this number declined to 24% at 9 years. 27 Initiation of sulfonylurea treatment in a patient recently diagnosed with T2DM who shows a random glucose .16.6 mmol/L and an HbA1c .9-10% is debateable. Due to large insulin requirements, secondary to glucotoxicity patients exhibiting blood sugars .16.6 mmol/L are unlikely to achieve acceptable glucose control with sulfonylurea monotherapy and such patients are best treated, at least initially, with insulin therapy. After a period of adequate glycaemic control, a trial of SUs to replace insulin therapy, alone or in combination with metformin, may be attempted. 28 
Safety Cardiovascular impact
Sulfonylureas have represented the backbone of oral therapy in T2DM; however, there are controversies in terms of the cardiovascular safety of this anti-diabetic drug. In early 1970, the report of the University Group Diabetes Program (UGDP) suggested that tolbutamide therapy was no more effective than diet alone and was associated with an increase in cardiovascular toxicity. 29 Therefore, the UGDP discontinued therapy with the first-generation sulfonylurea tolbutamide, because of an increase in all-cause and cardiovascular mortality compared with the other treatment groups. As this led some experts to conclude that SUs, as a class, were associated with increased cardiovascular mortality, a serious consequence of this UGDP study has been condemnation of the therapeutic use of an entire class of SUs drugs. Although others criticised the design and analysis of UGDP study, 30 the question of safety and efficacy of tolbutamide and other sulfonylurea groups of drugs were raised. Later on, the UKPDS group demonstrated that treatment with SUs showed a trend toward protection against MI rather than augmentation of cardiovascular mortality ( Table 1) . 31 Nevertheless, a study by Garratt et al. 32 reopened this controversy on cardiovascular side
effects of SUs when they demonstrated increased early mortality in 67 persons taking the sulfonylurea glyburide vs. 118 using insulin or lifestyle therapy alone. This study, on the surface, seemed to condemn sulfonylureas as therapeutic agents. 32 However, a critical reappraisal of this study reveals a few exciting facts. This study was retrospective, randomization was lacking, and the use of sulfonylureas by patients in this study was not specified. The study sample was too small to reach a decision about the cardiovascular risks of sulfonylureas. Furthermore, in the Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycaemia in Diabetes (RECORD) trial incident cardiovascular events with glyburide were not different from those of rosiglitazone, which was later suspended in some countries, and limited in others, for insufficient cardiovascular safety. 33 In addition, weight gain of 2 kg is common with the initiation of sulfonylurea therapy. 34 This may have an adverse impact on cardiovascular disease outcome. Finally, a smaller trial on patients with prior cardiovascular events showed a clear superiority of metformin over gliclazide. 35 
Hypoglycaemic impact
The second major concern expressed with sulfonylureas is hypoglycaemia. 21 Severe protracted hypoglycaemia is more likely with longer-acting sulfonylureas such as glyburide. 36 The timing of hypoglycaemia tends to reflect the pharmacokinetics of the sulfonylureas. Thus, glyburide has a propensity to cause inter-prandial hypoglycaemia, whereas chlorpropamide tends to induce hypoglycaemia in the pre-breakfast period. 36, 37 In addition, it is possible that acute hypoglycaemia induced by sulfonylureas, may trigger ischaemia and cardiovascular events. 38 Hypoglycaemia and rapid changes in blood glucose have been shown to increase counter regulatory hormones such as epinephrine and norepinephrine, which may induce vasoconstriction, platelet aggregation, and thereby ischaemia. 39 Therefore, selection of appropriate agents according to each patients profile is crucial to get maximum beneficial effects (Figure 1 ).
Meglitinides
The meglitinides are structurally different than sulfonylureas and exert their effects via SUR-1 receptor, but act similarly by regulating ATP-dependent potassium channels in pancreatic b-cells thereby increasing insulin secretion. In the natural history of T2DM, a blunted response of the first phase of glucose-stimulated insulin release has been observed. An initial surge of insulin is essential to suppress hepatic gluconeogenesis in the post-prandial period. If this mechanism fails, post-prandial hyperglycaemia is exacerbated and the HbA1c level is adversely affected. The meglitinides were developed to address this problem. They bind to the SUR-1 receptor in much the same way as the sulfonylureas. However, this action is mediated through a different binding site on the 'sulfonylurea receptor' of the b-cell, and these drugs have somewhat different characteristics when compared with the sulfonylureas. Unlike the commonly used sulfonylureas, the meglitinides have a very short onset of action and a short half-life. The short half-life of these drugs potentiates the effect of the first phase of insulin secretion, but the effect on the second phase is not sustained. 40 Currently approved drugs in this class include the benzoic acid derivative repaglinide, approved in 1997, and nateglinide, a D-phenylalanine derivative, approved in 2000. 41 They should be dosed half an hour prior to each meal and one of the advantages is that they can be used in renal insufficiency.
Efficacy
Due to the glucose sensitive release of insulin, meglitinides cause less hypoglycaemia in comparison with sulfonylureas. Repaglinide has been shown to improve glycaemic control over placebo in several randomized, double-blind multicentre trials. 41 A double-blind, randomized, fixed-dose trial of 361 patients on a background diet was performed over 24 weeks. Following a washout period, subjects received repaglinide 1 or 4 mg with meals, or a placebo. 42 From a mean baseline of 8.7%, HbA1c increased by 1.4% in the placebo group, while it decreased by 0.7 and 0.5% in the repaglinide 1 and 4 mg groups, respectively (P , 0.001). Repaglinide and nateglinide monotherapies were compared over 16 weeks in subjects uncontrolled by diet and exercise. The reduction in HbA1c values from baseline was significantly greater for repaglinide than nateglinide (1.57 vs. 1.04%), and repaglinide had more pronounced effects on reducing fasting plasma glucose and glucagon secretion, with no differences in post-prandial glucose and insulin secretion. 43 Different studies have compared the efficacy of meglitinides and sulfonylureas or meglitinides and metformin. A study comparing the effects of 270 mg of nateglinide (n ¼ 16) with 20 mg of gliclazide (n ¼ 8) in a 12-week open label prospective study found that gliclazide was slightly more effective that nateglinide (HbA1c was 0.2% less in the gliclazide group). 44 In a 24-week multicentre study, 360 mg of nateglinide was similarly effective as metformin 500 mg three times a day in terms of HbA1c reduction ( -0.8% in both groups). 45 
Safety Cardiovascular impact
Repaglinide has not been shown to be associated with increased mortality and cardiovascular risk compared with metformin in a large cohort of diabetic patients with or without previous MI. 46 In an uncontrolled randomized study involving 112 patients with inadequately controlled T2DM not previously treated with oral hypoglycaemic agents, the use of repaglinide was associated with positive improvements in some parameters of cardiovascular risk, such as homocysteine, plasminogen activator inhibitor, and lipoprotein (a). 47 The previously reported randomized controlled trial in diabetes prevention, the Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research (NAVIGATOR) study, demonstrated no beneficial effect of nateglinide in stopping the progression from prediabetes to diabetes compared with placebo. 48 The NAVIGATOR study group randomized 9306 adult subjects with impaired glucose tolerance (IGT) and cardiovascular disease or cardiovascular risk factors to receive placebo or nateglinide (60 mg before meals, three times daily), along with a study-specific lifestyle modification program. 48 The study reported that 36.0% of participants in the nateglinide group developed diabetes while 33.9% in the placebo group progressed to diabetes after a median follow-up of 5.0 years (P ¼ 0.05). Compared with placebo, nateglinide lowered fasting plasma glucose by 0.03 mmol/L, but increased 2-h post-prandial glucose by 0.24 mmol/L. In addition, 10% of all participants lost 5% of their baseline weight by 6 months; however, the nateglinide group had an overall higher mean body weight throughout the entire study (mean difference 0.35 kg, P , 0.001). These agents stimulate insulin secretion with a very short half-life, which confers them the advantages of not causing excessive hypoglycaemia, significant weight gain, and chronic hyperinsulinaemia, which are more common with sulfonylureas.
Thiazolidinediones
Thiazolidinediones were first reported as insulin-sensitising drugs in the early 1980s by the pharmaceutical company Takeda, 49 but their mechanism of action remained a mystery until the mid-1990s. 
Efficacy
Troglitazone was introduced in 1997 but withdrawn from the market in 2000 due to increased risk of liver failure from fulminant hepatitis. 52 Rosiglitazone and pioglitazone were both FDA approved in 1999, but pioglitazone has become the TZD of choice for reasons described below. Thiazolidinediones lower Hb1c effectively by 1% as monotherapy in T2DM, where they particularly do not cause hypoglycaemia like insulin or insulin secretagogues (i.e. sulfonylureas), and they can be used in combination with other anti-diabetic agents. 53 The first-line drug metformin is often mentioned as an insulin sensitizer, but its primary effect is suppression of hepatic glucose production, whereas its effects on peripheral insulin sensitivity are quite small, variable across studies, and absent in a meta-analysis. 54 In the same analysis, TZDs have large and consistent effects improving insulin sensitivity. Furthermore, the ADOPT randomized controlled trial showed that rosiglitazone provided more durable glycaemic control than metformin or sulfonylurea. 55 Insulin sensitization also appears to be the mechanism whereby TZDs prevent or delay development of T2DM in individuals with pre-diabetes. The ACT NOW study involved 602 patients with IGT, pioglitazone decreased progression to T2DM by 74% over 2.4 years. 56 Previous studies of patients with pre-diabetes demonstrated that troglitazone 57 or rosiglitazone 58 similarly decreased progression to diabetes. Since TZDs are the most potent known insulin sensitizers, patients on TZDs will require lower levels of endogenous and exogenous insulin to maintain euglycaemia. Indeed, patients using insulin who are started on TZDs typically reduce their insulin dose or even discontinue insulin injections. 59 
Safety Cardiovascular impact
There is a greater concern with rosiglitazone than with pioglitazone. A retrospective analysis of data from .225 000 patients 60 concluded that the use of rosiglitazone was associated with an increased risk of stroke, heart failure, and all-cause mortality in patients aged 65 years or older ( Figure 1 ). On the basis that the risks outweigh the benefits, rosiglitazone use was restricted in the USA to patients with T2DM who were not effectively treated with other medications. In late 2013, the FDA lifted their restriction on the basis of the results from the RECORD clinical trial (Rosiglitazone Evaluated for Cardiovascular Outcomes and Regulation of Glycemia in Diabetes), which failed to reproduce the results from the 2007 meta-analysis and indicated no elevated risk of heart attack or death in patients being treated with rosiglitazone vs. diabetes medications. 61 Moreover, in the PROspective pioglitAzone Clinical Trial In macroVascular Events (PROactive) clinical trials, pioglitazone treatment resulted in a non-statistically significant 10% relative risk reduction for the primary composite endpoint [all-cause death, MI, acute coronary syndrome (ACS)] and a statistically significant 16% reduction for the main secondary endpoint (death, MI, and stroke) after a mean 34.5 months in 5238 T2DM patients with established cardiovascular disease (CVD) ( Table 1) . 62 The potential difference in heart failure risk between pioglitazone and rosiglitazone may lie in their distinct effects on lipoproteins, with pioglitazone showing a more beneficial effect (triglycerides decrease 15%, high-density lipoprotein (HDL) cholesterol increased by 10%, with no effect on LDL or in total cholesterol) than rosiglitazone (no effect on triglycerides, HDL cholesterol increased by 10%, but 5 -10% increases in LDL and total cholesterol). 63 This difference on lipids may reflect weaker PPARa agonism by pioglitazone. 64 These and markers of heart failure risk favour pioglitazone, and two studies directly measuring atherosclerotic plaques in patients with T2DM showed benefits of pioglitazone compared with the sulfonylurea glimepiride. In the CHICAGO study, pioglitazone slowed the progression of carotid intima media thickness (CIMT), 65 while in PERISCOPE pioglitazone actually led to a regression in coronary atheroma volume assessed by intravascular ultrasound. 66 In the ACT NOW study of patients with pre-diabetes, pioglitazone similarly decreased progression of CIMT. 67 Despite these impressive cardiovascular benefits with pioglitazone therapy, its use has also declined markedly, potentially due to 'guilt by association' with rosiglitazone and the description of new risks for fractures and bladder cancer.
Weight gain on thiazolidinediones: both fluid retention and oedema Weight gain of 1-3 kg is common in patients taking long-term TZDs when used alone or in combination with other anti-diabetic agents. Greater weight gains of 4-5 kg may be seen, however, when TZDs are used in combination with insulin treatment. In a 52-week study comparing rosiglitazone to a sulfonylurea (glyburide, median dose 7.5 mg/d), a mean weight gain of 1.9 kg was observed in both the sulfonylurea group and the rosiglitazone group at the 4-mg daily dose, and a 2.9-kg weight gain was observed at the rosiglitazone 8-mg daily dose. 68 Similar weight gain has been observed when rosiglitazone is added to metformin. When added to insulin therapy, however, weight gain may be more dramatic. After 6 months of treatment, weight gains of 4.1 and 5.4 kg were encountered when rosiglitazone, at the 4g and 8 mg daily doses, respectively, was added to insulin (mean dose 70 U/d), compared with a weight gain of 1 kg in patients treated with insulin alone. 69 Similar increases have been observed with pioglitazone, either as monotherapy or in combination with other anti-diabetic agents. 70 Clinicians are most likely to see oedema as a consequence of TZD therapy when either of the TZDs is used in combination with insulin. For instance, rosiglitazone 4 or 8 mg per day in combination with insulin was associated with a 13.1 and 16.2% incidence of oedema, respectively, compared with 4.7% in those taking insulin alone. 71 Pioglitazone at 15 or 30 mg daily in combination with insulin resulted in a combined 15.3% incidence of oedema, compared with 7.0% for insulin alone. 72 Therefore, the incidence of oedema is higher when either of the TZDs are combined with insulin compared with other anti-diabetic agents ( Table 1) . Patients should be instructed to monitor for weight gain or the presence of pedal oedema. Therefore, patients with NYHA functional class III or IV heart failure should not receive TZDs.
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Glucagon-like peptide-1
Incretins are gut hormones that potentiate insulin secretion after ingestion in a glucose-dependent manner. The two best-studied incretins, glucose-dependent insulinotropic polypeptide and GLP-1, exert their insulinotropic actions through distinct G-proteincoupled receptors highly expressed on islet b-cells. 73 In addition, GLP-1 suppresses glucagon release from pancreatic a-cells, an action that is likely to be mediated through the local release of somatostatin from islet d-cells. 74 There are two current approaches to enhancing endogenous GLP-1 action in vivo. The first approach involves incretin mimetics, which are GLP-1 analogues that mimic the effect of GLP-1 but are resistant to degradation by DPP-4. Compounds in this class include exenatide and liraglutide. The second approach is to produce substances that increase the half-life of endogenous GLP-1. Agents in this class include the DPP-4 inhibitors which potentiate the incretin hormones by inhibiting the enzyme responsible for their degradation. 75 There are currently five GLP-1 receptor agonists approved for use in type 2 diabetic patients: exenatide twice daily/once weekly, liraglutide once daily, albiglutide once weekly, lixisenatide once daily, and dulaglutide once weekly injections. 76 When selecting the most appropriate agent, a comprehensive review of all head-to-head data indicates that exenatide and liraglutide appear to still offer the best HbA1c and weight reduction, 77 while the once weekly agents may cause less GI side effects compared with the once daily or twice daily options.
Cardiovascular safety

Efficacy
Glucagon-like peptide-1 agonist exenatide Exenatide improves glycaemic control primarily by reducing postprandial hyperglycaemia, with a modest reduction in fasting plasma glucose levels. 78 A prominent feature of T2DM is a significant reduction in first-phase insulin secretion, the insulin normally secreted by pancreatic b-cells within 10 min after an abrupt rise in plasma glucose concentrations. Exenatide has been displayed to restore both first-phase and second-phase insulin secretion in response to a glucose bolus in subjects with T2DM. 79 The efficacy and safety of exenatide have been assessed in placebo-controlled trials. All trials enrolled patients with HbA1c levels of 7.5-11% and BMI .25 kg/m 2 . In placebo-controlled trials, exenatide resulted in improved glycaemic control which was dose-related. Exenatide's efficacy as monotherapy (5-and 10-mg twice daily dosing) was explored in previous study, which demonstrated that HbA1c levels declined steadily during the first 12 weeks of treatment and remained stable at 0.7 and 0.9% below baseline. 80 In particular, exenatide lowers postprandial glucose levels after breakfast and dinner to a much greater degree than after lunch. The half-life of this agent is too short for the pre-breakfast injection to also cover the lunch-related glucose excursion. In other studies, in which exenatide (10 mg twice daily) was combined with either metformin or a sulfonylurea, similar improvements in HbA1c levels, with stable values of 0.8 -0.9% below baseline. 81, 82 In the exenatide-sulfonylurea study, 41% of patients achieved HbA1c levels ,7.0%. Both combinations also caused progressive weight loss.
82
Glucagon-like peptide-1 agonist liraglutide Liraglutide influences the secretion of both pancreatic b and a-cells.
The most important effect is the glucose-dependent stimulation of insulin secretion and reduces glucagon secretion by pancreatic a-cells, and consequently hepatic glucose production. 83 The clinical effectiveness of liraglutide is being evaluated in the Liraglutide Effect and Action in Diabetes, or LEAD programme. The LEAD programme has compared liraglutide with widely used classes of antidiabetic drugs in a series of randomized, double-blind, controlled, 26-week studies in 3800 patients with T2DM and blood glucose inadequately controlled with standard oral therapies. 84 The data from these studies indicate that the addition of liraglutide to ongoing oral anti-diabetic drugs can significantly improve glycaemic control as well as weight loss in previously uncontrolled patients with T2DM. 85 Liraglutide 3.0 mg daily has been shown to result in sustained weight loss, improved cardiovascular risk factors and improved glycaemic control in obese individuals. 86 Hence, it is also of potential clinical value for the treatment of obesity (Figure 1) . Across the LEAD trials programme, the overall rate of hypoglycaemic events observed in patients with T2DM treated with liraglutide was generally low. 87 
Safety Cardiovascular impact
Human studies of recombinant native GLP-1 have demonstrated cardiovascular benefits including reduced arrhythmias, improved left ventricle function, and improved endothelial function, in patients with or without diabetes and with coronary artery disease and chronic heart failure. 88 In addition, potential reduction in CVD risk has been reported with incretin-based treatment in patients with T2DM. 89 Clinical studies in T2DM patients indicate GLP-1 receptor agonists protect against non-glycaemic cardiovascular risk factors compared with the placebo and most standard anti-diabetic agents. Retrospective analyses of data suggested a possible reduced likelihood of having a cardiovascular event over a 1-to 4-year period among patients who were treated with exenatide twice daily compared with other glucose-lowering agents. 90 Moreover, infusion of exenatide (0.12 pmol/kg/min) for 6 h during two consecutive days in men with T2DM and heart failure led to significantly increased cardiac index (P ¼ 0.003) and decreased pulmonary capillary wedge pressure (P ¼ 0.001) compared with the placebo. 91 In addition, clinical studies of patients with T2DM have examined reductions in BP, lipid, body weight, and cardiovascular risk biomarkers, in response to liraglutide or exenatide treatment. All are oral agents taken once or twice daily and are also being developed for once-weekly administration. These agents reduce fasting and post-prandial hyperglycaemia, have a low risk for hypoglycaemia and are weight neutral. 21, 93 Different DPP-4 inhibitors are distinctive in their metabolism (saxagliptin and vildagliptin are metabolized in the liver while sitagliptin is not), their excretion, their recommended dosage, and the daily dosage that is required for effective treatment. They are similar, however, when comparing their efficacy regarding lowering HbA1c levels, safety profile, and patient tolerance. 94 Dipeptidylpeptidase-4 inhibitors have a mechanism of action that is distinct from other oral glucose-lowering agents. Dipeptidylpeptidase-4 is an enzyme that is widely expressed throughout the body and abundantly expressed in endothelial cells. The main mechanism for DPP-4 inhibition is that due to prevention of inactivation of GLP-1 in the peripheral circulation, the increased circulating intact GLP-1 results in stimulated insulin secretion and inhibited glucagon secretion.
Efficacy
The efficacy of DPP-4 inhibitors on HbA1c as monotherapy or in combination with other oral anti-diabetic agents was tested in multiple trials lasting 12 -52 weeks. The treatment of T2DM with sitagliptin and vildagliptin for .12 weeks compared with the placebo and other oral anti-diabetic drugs showed a reduction of 0.74% in HbA1c levels. This result proved DPP-4 inhibitors were only slightly less effective than sulfonylureas and as effective as metformin and TZDs in regard to reducing blood glucose. 94 Studies on the influence of DPP-4 inhibitors on patient weight demonstrated variable results but are largely considered to be neutral ( Figure 1) . Studies regarding treatment with sitagliptin showed variability between 1.5 kg of weight loss in 52 weeks of therapy and 1.8 kg of weight gain in 24 weeks of therapy. Studies regarding treatment with vildagliptin showed variability between 1.8 kg of weight loss and 1.3 kg of weight gain in 24 weeks of therapy. In a meta-analysis of various studies regarding the treatment of all three DPP-4 inhibitors, the effect of this group of drugs on weight was neutral. 95 
Safety Cardiovascular impact
Lipid profile is a crucial factor of cardiovascular risk in T2DM. Twenty patients with T2DM and a body mass index between 28 and 40 kg/m 2 were included and randomized to receive 100 mg vildagliptin or placebo. 96 The results of that study indicate that DPP-4 inhibition increases post-prandial lipid mobilisation and oxidation which contributes to the reduction of cardiovascular risk. In the EXAMINE trial (EXamination of cArdiovascular outcoMes with alogliptIN versus standard of carE in patients with T2DM and ACS), 97 5380 patients with T2DM with either acute MI or unstable angina requiring hospitalization within the previous 15 -90 days were randomized to receive alogliptin or placebo and followed up for 1.5 years. Alogliptin treatment did not improve the combined outcome of primary endpoints including death from cardiovascular causes, non-fatal MI, and non-fatal stroke. Similarly, in the SAVOR-TIMI trial (Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus-Thrombolysis in Myocardial Infarction), 98 16 492 patients with T2DM and history or at risk of CV events were followed for 2.1 years and were randomized to receive saxagliptin or placebo. In consistency with the results from EXAM-INE, no improvements in cardiovascular outcomes were observed in treatment group compared with placebo-treated patients. It must be noted that the median follow-up period for EXAMINE and SAVOR-TIMI was 1.5 and 2.1 years, respectively, and a longer followup period may be necessary to further confirm the results. Finally, the results of TECOS (Trial to Evaluate Cardiovascular Outcomes after Treatment with Sitagliptin) have clarified that increased risk of HF is not a DPP-4 inhibitors class effect. 99 In TECOS, 14 671 patients were either assigned to sitagliptin or placebo in addition to their current anti-diabetic therapy. Thus, all three trials suggest that DPP-4 inhibitors are basically safe from a cardiovascular standpoint but also do not improve cardiovascular endpoints at least in the short term.
Sodium glucose cotransporter 2 inhibitors
Sodium glucose cotransporter 2 (SGLT-2) inhibitors are a new class of anti-diabetic drugs with a novel mechanism of action. They reduce renal glucose reabsorption in the proximal convoluted tubule, leading to increased urinary glucose excretion. 100 The first agent approved in T2DM was dapagliflozin, in late 2012, shortly followed by canagliflozin, and more recently by empagliflozin; all three are currently approved in the USA and in the European Union. 101 Unlike many current therapies, the mechanism of action of SGLT-2 inhibitors is independent of insulin secretion or action and, therefore, does not depend on b-cell function. This suggests that SGLT-2 inhibitors may be effective across all stages of disease progression and carry a low risk for hypoglycaemia. 21 
Efficacy
All three approved SGLT-2 inhibitors induce a similar sustained urinary glucose loss of 40 -80 g/day, associated with good blood glucose-lowering efficacy in T2DM (a reduction in HbA1c of 0.7 0.8% from a starting HbA1c of 8.0%) and lowering of body weight by 2 -3 kg. 102, 103 In a large meta-analysis that included data from SGLT-2 inhibitor trials predominantly involving dapagliflozin and canagliflozin, a favourable effect on reducing HbA1c was observed with a mean difference of 0.7% when compared with placebo. 104 Empagliflozin has recently been approved for use in T2DM patients. In a study of T2DM patients controlled with metformin only, HbA1c was improved by a placebo-corrected mean of 0.57 with 10 mg empagliflozin and 0.64% with 25 mg empagliflozin at 24 weeks (both P ≤ 0.001 vs. placebo). 105 When empagliflozin was investigated as an add-on therapy to metformin and sulfonylurea and to pioglitazone with or without metformin, similar results were obtained. 105 Furthermore, in a longer-term 78-week study, 10 and 25 mg empagliflozin as an add-on therapy to patients taking basal insulin resulted in significant weight loss vs placebo (2.2 vs. 0.7 kg; P ≤ 0.01). 106 Dapagliflozin was also associated with weight loss vs. weight gain with glipizide at 52 weeks in patients inadequately controlled with metformin (3.2 vs. 1.4 kg for dapagliflozin vs. glipizide; P ≤ 0.0001). 107 In patients with moderate chronic kidney disease, the efficacy tends to be dampened and safety concerns may occur. 108 
Safety
Cardiovascular impact Sodium glucose cotransporter 2 inhibitor therapy may be considered in T2DM patients with chronic heart failure with reduced ejection fraction (HFREF), because part of the SGLT-2 inhibitor mechanism includes diuresis, which leads to a preload reduction. This preload reduction is often needed in patients with HFREF. 109 Another cardiovascular benefit of SGLT-2 inhibitors is the reduction of BP, in part due to the osmotic diuresis. A 3-5 mmHg reduction in systolic and 2 mmHg reduction in diastolic BP have been seen without any compensatory increase in heart rate. 110 A meta-analysis of 27 randomized controlled trials shows that SGLT-2 inhibitors decrease systolic BP by 4.0 mmHg and diastolic BP by 1.6 mmHg. 110 Also relevant for assessing CV safety is the plasma lipid profile; it turned out that canagliflozin (and also other SGLT-2 inhibitors) slightly increase the levels of both HDL and LDL cholesterol.
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This simultaneous increase of both lipoproteins might be a consequence of the observed haemoconcentration and probably does not imply increased CV risk. Sodium glucose cotransporter 2 inhibitors have shown beneficial effects on CV risk factors, such as BP, lipids, HbA1c, and weight. Whether these benefits translate into long-term reduction of CV events is unknown. According to the current knowledge from a meta-analysis of clinical trials, including an interim analysis of the Canagliflozin Cardiovascular Assessment Study (CANVAS), showed that canagliflozin does not increase the overall CV risk. 112 Notably, in patients without CV disease, canagliflozin-treated patients performed numerically better than the comparator therapies in respect to major CV events. The CAN-VAS is an ongoing trial to evaluate adverse CV events with the use of canagliflozin in diabetics with high CV risk and is expected to be completed in 2018. 113 Cardiovascular effects of dapagliflozin are currently being studied in an ongoing Multicenter Trial to Evaluate the Effect of Dapagliflozin on the Incidence of Cardiovascular Events (DECLARE-TIMI58), results of which are expected to be released in 2019. 114 Taken together, evidence that will define the overall balance of benefits and risks of this new drug class is anticipated within the next 5 years.
Conclusion
Anti-diabetic agents impact on cardiovascular morbidity and mortality
Patients with T2DM have an inherent, elevated risk for cardiovascular disease that likely begins well in advance of a diagnosis of chronic hyperglycaemia. Data describing cardiovascular benefits with metformin are encouraging, with studies showing reductions in any diabetes-related endpoint, diabetes-related death, and all-cause mortality. Evidence for the safety of sulfonylurea therapy is still conflicting, but compared with metformin therapy, sulfonylurea use has been associated with an increased risk of developing heart failure, especially at higher doses. Meglitinide therapy with repaglinide has been shown to decrease cardiovascular markers including markers of inflammation, platelet activation, and lipid parameters, although less effectively than metformin. The TZD pioglitazone has also been shown to lower the composite of all-cause mortality, non-fatal MI, and stroke in patients with T2DM at high risk for macrovascular events. Thiazolidinediones use, primarily rosiglitazone, is contraindicated in patients with heart failure, as it has been shown to increase the risk of heart failure. Incretin-based therapies including GLP-1 agonists and DPP-4 inhibitors have potential positive effects on the cardiovascular system. The GLP-1 analogue exenatide is associated with a significantly decreased risk of CVD and CVD-related hospitalizations in patients with T2DM. Sodium glucose cotransporter 2 inhibitors are novel oral glucose-lowering agents though, the potential for cardiovascular benefits from the SGLT-2 inhibitors remains to be established. There is ample evidence also to suggest that a multifactorial approach to diabetes care, which targets glycaemic control in addition to treatment of hypertension and dyslipidaemia, will significantly decrease cardiovascular risk. Cardiovascular risk reduction in diabetes, rather than focusing upon glycaemic management alone, should aim to reduce plasma glucose in addition to cholesterol and BP ( Table 1) . The results of ongoing clinical trials will provide further evidence about the cardiovascular safety and perhaps efficacy of diabetes drugs. These trials will certainly help to further refine therapeutic guidelines in the future.
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